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Introduction

30
Understanding the deformation behavior of ice crystals is essential for modeling the flow 31 of glaciers and ice sheets. Ice on Earth, ice Ih, has an hexagonal crystalline structure. It has 32 a strong viscoplastic anisotropy, since deformation occurs almost exclusively by dislocation cross-slip that may complement basal glide. The lack of constraints on the activity of the plasticity, four to five independent slip systems are required to maintain strain compatibility 54 (Hutchinson, 1977) , hence for ice, glide on non-basal slip systems is allowed. Castelnau et al.
55
(1997) imposed a non basal activity 70 times harder than basal activity, while Llorens et al.
56
(2016) lowered this ratio to 20, enabling a significant contribution of non-basal systems to 57 deformation, without any experimental evidence to stand on.
58
Most observed dislocations in ice so far have one of the three equivalent 1/3 < 2110 > Burg-59 ers vectors and are constrained to glide in the basal plane (0001) owing to their tendency to 60 dissociate into partial dislocations (Higashi, 1988; Hondoh, 2000) . Rare 1/3 < 2110 > dis- 
So far, direct observations (via X-ray diffraction) of dislocations with Burgers vector [c] =
69
[0001] or < c + a >= 1/3 < 1123 > are limited to very specific conditions such as peripheral 70 dislocations of stacking faults formed during crystal growth or under cooling (Higashi, 1988) .
71
The formation of stacking faults under cooling is assumed to result from climb of the basal As for the Nye tensor, the WBV analysis only reflects the GND contribution to the dislo-121 cation density. Without further assumptions, this contribution cannot be directly related to 122 the mobile dislocations responsible for most of the plastic deformation.
123
Cryo-EBSD associated with the WBV analysis was recently shown to be very efficient to 
Material and Methods
135
Large ice polycrystalline samples were deformed in torsion and uniaxial unconfined com- 
236
The subgrain boundary in domain 2 is characterized by a boundary plane that is perpen-237 dicular to the ones of the SBGs from domains 1 and 3. However its rotation axis is also 238 parallel to an < a > axis and it is contained within the subgrain boundary plane. Subgrain (Fig. 3c) .
255
Similar analyses were performed on samples deformed up to different finite shear strains. To further test this point, orientation data at the pixel scale were correlated with the relative 268 amplitude of the WBV components. To do so, we selected data from the sample deformed 269 by torsion at γ = 0.42 (TGI03), since at this rather low shear strain the macroscopic texture 270 remains reasonably weak to provide a wide enough orientation range (Fig. 5) .
271
As performed in (Grennerat et al., 2012) , an adapted Schmid factor, that does not account for 272 slip direction, is used to describe the pixel orientation relative to the imposed stress configu-273 ration (S = |σ.c| 2 − (c.σ.c) 2 , where σ is the stress tensor and c is the c-axis orientation).
274
The distribution of this Schmid factor (Fig. 5) The slight increase with Schmid factor must result from a statistical bias due to different 
Discussion
288
From these results, one important observation can be emphasized. Dislocations in ice, GNDs to play a significant role during deformation at local and large scales. The validation of these approaches could strongly benefit from an accurate description of the Dislocations produce local distortions in crystal lattices. When dislocations of different signs are close together these distortions balance out and are not visible at the scale of microns. However when significant numbers of dislocations with the same signs are present, optically visible and (with EBSD) measurable variations of lattice orientation are a consequence the dislocations are then called geometrically necessary dislocations (GNDs). Crystalline materials generally have large elastic moduli meaning that lattice bending due to elastic stress is likely to be small; significant curvature generally relates to the presence of GNDs. Nye (1953) recognized that the lattice curvature can be described by a second rank tensor (now named after him), in general non-symmetric so having 9 independent components, and that this can be directly linked to the densities of GNDs and their line vectors. The idea is explained concisely in (Sutton and Balluffi, 1995) . It provides in principle 1. In the differential form, local orientation gradients are used to calculate the WBV.
597
Errors are likely to be significant because of error-prone small misorientations, although Fig 3a) . gives the net dislocation content of that region, though the spatial distribution of 607 dislocations (domains of high or low density) within the region are not constrained.
608
The advantage is that errors are lower. This was asserted in (Wheeler et al., 2009) 609 on the basis that numerical integration reduces the effects of noise, and has since 610 been demonstrated using model EBSD maps for distorted lattices with added noise.
611
The method rejects any regions with high angle boundaries intersecting the border, 
